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Abstract: First there is the Gaussian diffusion tensor model with the most important equations 
introduced. The other part of this work deals with the software and its current state of development. 
The software calculates diffusion tensor data from diffusion tensor and acquisition parameters 
successfully. User can add noise to simulated data and then estimate diffusion tensor in reverse. 
Original and estimated diffusion tensors are displayed, compared and their deviation in space 
determined.  
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1. INTRODUCTION 
Diffusion sensitive MRI (magnetic resonance imaging) is employed for measuring water diffusion 
intensity and determining its direction in soft tissues. This work focuses on water diffusion in white 
matter of a brain. Intensity and direction of diffusion is used for axonal fibre tracking, because water 
molecules move easily along these fibres.  
2. DIFFUSION TENSOR IMAGING  
There are many approaches to estimate profile of anisotropic diffusion. First group of them are data-
driven approaches such as Q-ball imaging, spherical deconvolution and diffusion spectrum imaging. 
These methods work directly with measured data, which are algorithmically processed. Examples of 
the second group, model approaches, are diffusion tensor model and ball and stick model. Models 
simplify real situation and highlight crucial information such as intensity of diffusion in different 
directions.  
2.1. GAUSSIAN DIFFUSION MODEL 
Diffusion tensor describes intensity of diffusion within voxel (Equation (1)[1]). It is matrix 3x3, that 
is diagonally symmetric and consists of diffusion constants along certain axes.  
 𝐃 = [
𝐷𝑥𝑥 𝐷𝑥𝑦 𝐷𝑥𝑧
𝐷𝑥𝑦 𝐷𝑦𝑦 𝐷𝑦𝑧
𝐷𝑧𝑥 𝐷𝑧𝑦 𝐷𝑧𝑧
] (1) 
Diffusion ellipsoid is used to visualize the Gaussian diffusion model in 3D space. The process 
called diagonalization is applied to obtain twelve parameters which characterize the diffusion 
ellipsoid. These parameters are eigenvalues  λ1, λ2, a λ3  that define length of the main axis and 
eigenvectors v1, v2 a v3, which define position of main axis in space.  
Equation (2) express Brownian motion of water molecules’ population along one axis and is 
derived from Gaussian distribution [1]. 
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 𝑃(𝑥, 𝑡) =
1
√4𝜋D𝑡
𝑒−𝑥
2/4D𝑡 (2) 
There is probability that water molecule moves from the origin to the x in time t characterized by the 
above-mentioned equation. 
Signal, that comes from one particle is determined by its phase ɸ(𝑥) and function P(x t). Measured 
signal is sum of all these signals coming from population of particles. [1]. 
 𝑆𝑖𝑔𝑛𝑎𝑙 =
𝑆
𝑆0
= ∫ 𝑃(𝑥, 𝑡)ɸ(𝑥)𝑑𝑥
 
𝑥
 (3) 
Adjusting the equation (3) for 3D scene is acquired equation (4) [1], 
 
𝑆
𝑆0
= 𝑒−𝑏𝒈
𝑇𝑫𝒈 (4) 
where S/S0 is decrease of measured signal. B-value defines acquisition (equation (5)), and g is vector 
of gradient directions. D is diffusion tensor, equation (1). Equation (4) is crucial for simulation 
performed in this work [1].  
 𝑏 = 𝛾2𝐺2𝛿2 (𝛥 −
𝛿
3
) (5) 
Acquisition parameters include G, which is intensity of applied gradients, and δ, that defines 
diffusion time. Last parameter Δ characterizes time between one and the other applied gradient field. 
2.2. REALIZATION OF SIMULATION USING MATLAB 
Simulation is performed in MATLAB and appearance of GUI (Graphic user interface) can be seen 
in Fig. 1a. Acquisition parameters including number of fibre directions are assigned in left upward 
part of GUI. Currently, the programme focuses on one fibre direction but it will be extended up to 
six fibre direction in the future. After that sampling protocol, which can be downloaded from free 
internet application [2], is selected. There is possibility to choose quantity of direction and do 
sampling in up to five spherical shells that represent five different b-values. Additionally, intensity 
of applied gradient is assigned for every shell separately (G). 
Eigenvalues and angles that define position of eigenvectors in the space are chosen in left middle 
part of GUI. These angles rotate the coordinate system around axes. Angle α rotates system around 
axis x, β rotates the system around axis y and γ around z. Then calculation of eigenvectors using 
assigned angles is performed and after that diffusion tensor is calculated using eigenvalues and 
eigenvectors. Finally, diffusion ellipsoid can be displayed in right bottom part of GUI.  
Other benefit of the simulation is observing accuracy of tensor estimation after adding noise to data. 
Type of noise (additive and multiplicative) and distribution (Gaussian and Rician) can be chosen in 
the left bottom part of GUI. Next step is to assign parameters of noise such as variance, mean and 
signal to noise ratio. After adding noise to data is possible to estimate the diffusion tensor in reverse 
and determine the deviation between the original eigenvector v1 and estimated eigenvector v1. Finally 
these two diffusion ellipsoids gained by diagonalization of tensors are depicted over themselves so 
the deviation can determined visually as well. In Fig. 1b and Fig. 1c can be seen example of 
successful and failed estimation.  
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Fig. 1a – Design of the right section of GUI, 1b- Example of failed estimation of diffusion tensor from 
noisy data, 1c - Example of successful estimation of diffusion tensor from noisy data 
3. CONCLUSION 
One of the main tasks of the simulation is to find out how acquisition parameters affect tensor data. 
User can change parameters independently and observe differences in decrease of measured signal 
in selected directions. 
Further development of the program consist in extension tensor data for several directions, which is 
partly done. Afterwards adding noise and estimation of tensors from noisy data for up to 6 direction 
will be performed. Then extension of automatic result analysis will be done. It is going to be graphical 
representation of dependency among deviation of estimated diffusion tensor and parameters of 
acquisition and noise. 
Result can show us, which b-values and sampling protocol to use in order to eliminate the noise. And 
it can show advantages or disadvantages of increasing the b-value. 
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